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Despite its abundance, there have been few studies of R. ecuadoriensis and its epidemiologic significance in Ecuador and Peru. The first description of this species was made by Lent and León, in 1958 (Cuba Cuba et al. 2002) . This was followed by a series of studies on its geographical distribution and synanthropic behaviour (Carcavallo et al. 1999 , Abad-Franch et al. 2001b , Cuba Cuba et al. 2003 , Grijalva et al. 2005 , Chavez 2006 ). The objective of this study was to describe the life cycle, feeding and defecation pattern of R. ecuadoriensis in the laboratory and to examine possible differences between populations from Manabí and Loja provinces, as this information is needed to determine the organism's vectorial capacity (Perlowagora-Szumlewicz 1969, Soares et al. 2000) and priorize control activities. Triatomine collection, maintenance and size measurement -Triatomines were collected in domiciliary and peridomiciliary habitats for 1 man/h as previously described (Grijalva et al. 2005) . Microhabitat temperature and relative humidity (RH) were measured (EXTECH Model 45320, Washington, USA). Collected insects were maintained under appropriate conditions (Liebert 2003 , Richmond 2003 in the insectary at the Center for Infectious Disease Research, Catholic University in Quito. This facility is equipped with a "dual chamber incubator" where the original microhabitat temperature and humidity conditions of each province were replicated (Manabí, 27 ± 5ºC, 75 ± 5% RH; Loja, 24 ± 6ºC, 70 ± 5% RH, 12 h photoperiod in both chambers). Measurements of body size of adult individuals were made with a digital caliper (Didimatic Caliper, Model CD-6"C, Mitutoyo, Kanagawa, Japan).
MATeRiALs And MeTHods

Study area -
Life cycle -Eggs laid in the laboratory were grouped by the oviposition date to initiate a cohort of 57 individuals per province. After eclosion, the insects from NI were separated individually into ventilated screw cap vials containing folded filter paper for support as well as a dead adult as source for endosymbionts (Huerta-Nuñez et al. 2006) . Nymphs were offered the blood of anesthetized laboratory mice (Swiss) as a meal every day after eclosion and weekly after their first meal. Vials were checked daily for the presence of exuviae which are indicative of a molt. The number of days to complete each instar was recorded.
Feeding and defecation patterns -For each province, 240 individuals of R. ecuadorensis in different stages were observed. Respectively, 20 female and 20 male adults were analyzed as well as 40 R. ecuadorensis nymphs in each of the five stages. The triatomines were fed on restrained and anesthetized Swiss mice. Blood was offered daily to NI until they took their first meal; afterwards, blood was offered on a weekly basis for a period of 15 min. We measured: (a) pre-feeding time (from contact with the host to insertion of the bug mouthparts into the host skin); (b) feeding interval (from feeding initiation to withdrawal of mouthparts from the host); and (c) defecation interval (from feeding initiation to first defecation. The triatomines were weighted (mg) individually with an analytical balance (Mettler Toledo AB54-S, Switzerland) before and after each meal.
Statistical analyses -Descriptive statistics were calculated for all variables. Percent mortality was calculated based on insect deaths per stage/initial number of individuals in the cohort. Binomial tests were used to compare the defecation interval between the individuals from the two provinces. Spearman correlation coefficient was used to determine the relationship between the size of the body and blood meal in each of the adult and nymph stages so that the relationship between the length of the body in comparison with the duration of the life cycle in each province can be analyzed. The Mann Whitney U test was used to compare the size of the blood meal (mg) in each stage and between both provinces. Finally, the independent t test was used to analyze relationships in the total body length between females and males of both provinces.
ResuLTs
Total body length -Measurements of body length in adult individuals from Loja and Manabí showed statistically significant differences (Manabí: male 13.82 ± 0.36 mm, female 16.59 ± 0.32 mm; Loja: male 12.53 ± 0.33 mm, females 14.72 ± 0.39 mm, p < 0.05).
Life cycle -Twenty six of 57 individuals from the Manabí cohort completed their development, in contrast to only three of the 57 individuals from the Loja cohort. The reasons for the high mortality in the later group are unknown. The average time it took an egg to develop into an adult in Manabí and Loja were 189.9 ± 20 and 181.3 ± 6.4 days, respectively (Table I ). There was no statistical difference in times of development within each stage between Manabí and Loja cohorts (p > 0.05). There was no correlation in either province between the total body length of the individuals and with their time of development (p > 0.05).
Feeding required for molting -In individuals from both provinces, at least one blood meal was needed for each stage to molt to the next. However, some individuals from Manabí (NI = 12.3%; NII = 4.2%) and from Loja (NI = 19.3%; NII = 3.6%; NIII = 28.6%; NV = 10%) required more than one blood meal to molt. In all individuals that required more than one blood meal, the initial blood meal was markedly smaller than the average for that stage (data not shown). These individuals (that had smaller blood meals) did not defecate within one and a half hours after initiation of the feeding.
Feeding habits -Fourty individuals of each NI and 20 for adult males and females were studied. The time it took for the insects to insert their mouth parts and start feeding ranged from 4 min 42 s (NI)-8 min 30 s (adult male) (Table II and III) . This behavior was similar in individuals from both provinces. The feeding interval ranged from 14 min 45 s (NI)-28 min 25 s (male) in Manabí and from 15 min 25 s (NI)-28 min 57 s (NV) in Loja. The size of the blood meal varied considerably from stage to stage, being the highest in NV (Table II  and III) . There was a significant difference in blood meal size between each NI and between both provinces (p < 0.01), being higher in Manabí, which correlated with the larger body size at each stage (p < 0.05) presented by individuals from this province. The exception to this were 3rd instar and adult female individuals from Loja and Manabí which took blood meals of similar size (p = 0. 419 and p = 0.213, respectively). Defecation patterns -All NI from both provinces failed to defecate during feeding or 15 min after the meal. The average defecation time from the initiation of feeding ranged from 22 min 10 s in female adults to over 1 h in NI (Table IV) . Nevertheless, in Manabí and Loja, the proportion of nymphs that defecated within 15 min from the initiation of feeding increased with developmental stage (Table IV) . Importantly, defecation while feeding was observed in Manabí specimens starting in NIII and in Loja in NIV, and increased with developmental stage to reach 75% in adults from Manabí and 55% of adults from Loja. There were no significant differences in the time taken to feed or to defecate between individuals from both provinces (p > 0.05).
discussion
The understanding of the life cycle, feeding and defecation patterns of R. ecuadoriensis is critical to assess its vectorial capacity and to refine interventions aimed to eliminate domiciliary populations and control peridomiciliary populations in Ecuador.
Total body length -Individuals from Manabí were found to be longer than those from Loja. Although the two populations are from two geographically and climatically different regions of Ecuador, the size difference could be a consequence of the adaptation to life in the domiciliary/peridomiciliary (Loja) versus sylvatic and domiciliary/peridomiciliary (Manabí) habitats. Studies are underway using morphometric and molecular techniques to clarify this issue.
Life cycle -Since development and survival depends on meal availability, blood source and environmental conditions, the situation might be different in the wild (Zarate 1983 , Schofield 1985 , Cabello et al. 1987 , Guarneri et al. 2000a , b, Martinez-Ibarra et al. 2003 , Arévalo et al. 2007 ). In our study the use of laboratory mice facilitated the standardization of the conditions, but in the field R. ecuadoriensis is frequently found in high densities infesting chicken nests in the peridomicile in Loja and Manabí (Grijalva et al. 2005 ) and in lower densities in palm trees in Manabí where they feed mainly in rodent and bird nests (MJ Grijalva et al. unpublished observations) . Previous studies about other Rhodnius species, such as Rhodnius colombiensis, and Rhodnius prolixus (Arévalo et al. 2007) , have found shorter duration of the life cycle than shown in our data. These studies also found the highest mortality in the progression from the NI-NII instar (Guarneri et al. 2000a , b, MartinezIbarra et al. 2003 . Although this mortality is consistent with our Manabí data, we found significant mortality in the all developmental stages of the Loja cohort. The fact that in this cohort more individuals had incomplete meals and required a second blood meal to progress to the next stage could be an indication of problems in the adaptation of this cohort to the feeding conditions in the laboratory, such as humidity and temperature, which could have caused the increased mortality. Da Silva and Da Silva (1989) demonstrated wide fluctuations on the duration of life cycles based on temperature changes for many species (Arévalo et al. 2007) . One of these studies reports life cycle durations for R. ecuadoriensis of 141 days at 25°C and 120 days at 30°C (Silva & Silva 1990) which is considerable shorter than our results (189.9 ± 20 and 181.3 ± 6.4 days for Manabí and Loja, respectively). While we do not have an explanation for these differences, variability of life cycle duration depending on different laboratory conditions has been documented [101, 127 and 209 days from Rhodnius nasutus (Da Silva & Da Silva 1989 , Soares et al. 1995 , 212 and 126 days for Rhodnius pallescens (Juberg & Rangel 1984) and 144,4 days for R. colombiensis (Arévalo et al. 2007) ]. Zeledon et al. (1977) indicated that prior to feeding the insects were in intimate contact with their prey for 5-10 min. This is consistent with our observations of the relatively long time it took for the bugs to start feeding after being placed on the host. Feeding interval ranged from 14-28 min, which is consistent with findings in other species (Almeida et al. 2003) . Most individuals in our study required only one blood meal to molt as has been reported for other species (Guarneri et al. 2000a ). In all cases, the requirement for second blood meal was associated with a small blood meal ingested during the first feeding. As expected, size of the meal increased with developmental stage and was found to be the highest in NV. The size of the meal was larger in the Manabí cohort than in the Loja cohort, which correlated with the larger body size found in individuals from Manabí.
Feeding patterns -
Defecation patters -Initial stages (NI and NII) of R. ecuadoriensis from both regions failed to defecate during feeding. However, prandial (during feeding) defecation increased with development reaching 75% and 55% in individuals from Manabí and Loja, respectively. Triatomines that defecate during that period, such as Triatoma infestans and R. prolixus are considered effective vectors of T. cruzi to humans (Pippin 1970 , Zeledon et al. 1977 , Bar et al. 2003 , Salazar et al. 2005 . Based on this, it could be hypothesized that R. ecuadoriensis is an effective T. cruzi vector. Moreover, since postprandial defecation started earlier in individuals from Manabí the vector competence of those might be higher than those from Loja. Similarly, a higher percentage of females than males from both provinces defecated during feeding or soon thereafter, with the feces being deposited on the skin, suggesting a higher vectorial competence of females over males as previously suggested (Rabinovich et al. 1979 , Crocco & Catalá 1996 , Nogueda-Torres et al. 2000 , Nattero et al. 2002 .
R. ecuadoriensis is widely distributed in Manabí and Loja provinces. Rural communities in Loja present high domiciliary and peridomiciliary infestation, colonization and crowding indexes with R. ecuadoriensis (MJ Grijalva et al. 2005) , and it is associated primarily with human habitats. On the other hand, there seems to be a high level of domiciliary and peridomiciliary infestation/ reinfestation with R. ecuadoriensis in Manabí province (MJ Grijalva et al. unpublished observatios) , most likely from sylvatic habitats. These observations, coupled with the results from this study, which indicate a high vector capacity, suggest that control of this specie should be regarded as a priority in Ecuador.
